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BTeV Context

e BTeV philosophy:

— Achieve best B sensitivity by triggering on
separated vertex (reconstructable B event)

 Two enabling technologies:

— Pixel detector with fast readout

e Very low occupancy = “trivial” track finding

— Data driven pipelined track and vertex processor
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Key Early Technology Decision

e Hybrid silicon pixel detectors
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— Allows separate optimization of sensor & readout
chip
— Rely on LHC R&D for sensor R&D

e BTeV sensors are oxygenated n-in-n with moderated
p-spray isolation (essentially a copy of the ATLAS pixel
sensors)

— Concentrate on ROC and mechanical design



Other key technology choices

e Carbon fiber reinforced TPG (Thermal Paralytic
Graphite) heat spreader/mechanical support

— Considered CVD diamond, but rejected because
flatness is problematic

* LN, cooling

— Minimum number of cooling pipes, no joints in
vacuum

— Also required for vacuum (cryo-pumping)

e Solder bump bonding
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Readout ASIC design

 Readout speed requirement drove everything

— Minimal data loss in sensor 6mm from beam line
with 45MHz interaction rate

e Secondary requirements:

— Good spatial resolution (<10u)

e Achievable with moderate pixel size and very coarse
pulse height measurement (Artuso & Wang)

— Time stamped by beam crossing (132ns = 396ns)

e Relaxed time walk requirement (wrt LHC) allowed use
of a single discriminator threshold per chip
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ASIC technology choice

Originally aimed at Honeywell 0.5u SOl CMOS

Quickly (1998) started testing deep submicron
CMOS after initial CERN results.

— Primary radiation damage mechanism is charge
trapping in oxide (causes transistor threshold shift and
formation of parasitic channels)

— Quantum mechanics to the rescue

e Small feature size = thin oxide = Quantum tunneling

e 0.25u CMOS can be made radiation tolerant by using
enclosed geometry transistors and guard rings

e (0.13u CMOS probably doesn’t require enclosed geometry
transistors)



Module (sensor+ROC) milestones

Readout Chip Sensor Bumps Advances
FPIX0 — 1997 ATLAS ST-1 Indium <100 e noise
(64x16) (p-stop & p-spray) (Boeing) o < 9u with 2-3 ADC
0.8y CMOS CiS & Seiko 1998 bits
FPIX1 - 1999 BTeV/CMS proto Indium (AIT) & Readout speed
(160x18) (p-stop) Solder (MCNC) (Column-parallel
0.5 CMOS Sintef 2000 — 2001 architecture)
FPIX2 — 2002 BTeV proto Indium (AIT) & Radiation Hard
(128x22) (moderated p-spray) Solder (VTT) Higher speed (~30
0.25u CMOS Tesla 2002 — 2004 ns/hit), ease of use
FPIX2.1 - 2005 BTeV “production” (DAC’s & 1/0)
CiS VTT - 2006 multichip modules

beam tested
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FPIX2.1 Block Diagram

Fabricated by TSMC
(through MOSIS).

Only bias voltages
required are 2.5V &
ground.

All'l/O is LVDS.
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FPIX2 Pixel Unit Cell
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FPIX2 relevance to CLIC?

* Front end design (after Blanquard, et al.) works
very well — essentially all FNAL pixel chips now
use this continuous time reset method.

— Time over threshold (TOT) can provide very good
pulse height information with this type of FE (ATLAS)
and even very good timing (NA62 Gigatracker)

e Separate readout and control is a good design
principle

e Newer CMOS makes very high speed data output
possible
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Key Technology Choices (2010)

 Hybrid or monolithic?

— Bump bonding remains expensive and limits how
thin the parts may be...

— Will wafer bonding & thinning become generally
available?
e |ZM SLID, Ziptronix DBI, T-Micro (Zycube) microbump
— If monolithic, what technology?
e Bulk CMOS (MAPS)

e SOI CMOS (MAPS)
e CCD-based
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Key Technology Choices (2010)

e Embrace the “Via Revolution?” (Yarema)
— 3D IC
— “2.5D” use of through-silicon vias

e Access wire bond pads from the back side
e Silicon interposers

e How low do you go?

— 130nm CMOS is now available in multiproject
wafer runs & the price is coming down fast.

— Current generation is 35-45nm; 22-28nm soon.
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